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I Abstract. We present analysis of the optical and X-ray spectra of the low Galactic latitude bright (-f2-io ~ 3.6 x 

10^^^ erg cm~^ s~^) source 4U 1344—60. On the basis of the optical data we propose to classify 4U 1344—60 as 
an intermediate type Seyfert galaxy and we measure a value of z = 0.012±0.001 for its redshift. From the XMM- 
, Newton observation we find that the overall X-ray spectral shape of 4U 1344—60 is complex and can be described 

■ by a power-law continuum (F « 1.55) obscured by two neutral absorption components (N^ ~ lO'^^ cm~^ and 
~ 4 X lO^'^ cm~^), the latter covering only the ~ 50% of the primary X-ray source. The X-ray data therefore 

lend support to our classification of 4U 1344—60. It exhibits a broad and skewed Fe Ka line at ~ 6.4 keV, 
' which suggests the existence of an accretion disk that is able to reprocess the primary continuum down to a few 

, gravitational radii. Such a line represents one of the clearest examples of a relativistic line observed by XMM- 

• Newton so far. Our analysis has also revealed the marginal presence of two narrow line-like emission features at 

■ ~ 4.9 and ~ 5.2 keV. 
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^ 1. Introduction also Michel et al. 2004) as a Type 1 Seyfert galaxy at z = 

• • 0.013±0.001. Despite its X-ray brightness, no X-ray satel- 

4U 1344-60 was discovered by the Uhuru (SAS A) X- jj^e directly pointed 4U 1344-60 with an adequate expo- 
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ray Observatory when scanning of the Galactic plane g^^e time, so its X-ray spectral properties were almost 

. (Forman et al. 1978). Wood et al. (1984) reported a unknown up to XMM-Newton. 
_C3 ■ flux of - 2 X 10^" erg cm^^ g-i ^j^g 2-10 keV 

band for this X-ray source in the Large Area Sky This source is included in the first INTEGRAL AGN 

Survey performed with HEAO-1. The first position of Catalog (flux of ~ 10"" erg cm'^ s"^ in the 20-100 keV 

4U 1344-60 with good astrometric accuracy has been band) , which has been recently published by Beckmann et 

provided by Warwick et al. (1988) using EXOSAT data al. (2005). They performed a first-order spectral analysis 

(R.A.(B1950) =13'' 43™ 59^5, Dec.(B1950)=-60° 23' fiUmg XMM-Newton, INTEGRAL ISGRl, and SFI data, 

39"). Because 4U 1344-60 lies deeply in the Galactic which turned out a best-fit model consisting of an ab- 

plane (/ = 309?77,6 = 1?51), it is not easily accessible sorbed (Nh = 2.64±0.07 x lO^^ cm'^) power law with 

at all wavelengths (in particular the optical to soft X-ray a photon index F = 1.651q °3 P^^^ ^ Gaussian line at 

bands). For this reason, 4U 1344-60 has been optically 6.13t°:o9 keV. 
identified only very recently by Masetti et al. (2006; see 

In this paper we report the identification and the spec- 

~; ; Z '. . „.„ . . trum of the optical counterpart of this bright high-energy 

bend ojjpnnt requests to: piconcelhfiSmporzio. astro. it rrt r,\ ^ i n i -i i 

* „ J , ,. ■ J -ii AAA I AT i source (Sect. 2) and present the results of a detaned anal- 

Based on observations obtained with XMM-Newton, \ / c- 

an ESA Science Mission with instruments and contribu- ^^1^ ^^s XMM-Newton spectrum (Sects. 3 and 4). In 

tions directly funded by ESA Member states and the Sect. 5 we discuss our findings providing clues to the na- 

USA (NASA). Optical observations were carried out at the ture and the origin of the different features observed in 

European Southern Observatory, La Silla (Chile) under pro- the X-ray spectrum and their connection with the optical 

gram No 70.D-0227 classification of 4U 1344-60. Finally, in Sect. 6, we sum- 
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marize the results of the X~ray and optical analysis and 
give our conclusions. 

2. The optical properties of 4U 1344-60 

The optical imaging and spectroscopic observations of 
4U 1344-60 (P.I. C. Motch) were carried out on 
01 Mar 2003 with the EFOSC 2 imaging spectrograph at 
the Cassegrain focus of the ESO 3.6m telescope at La 
Silla (Chile), in the framework of the Galactic plane part 
of the identification program of the XMM-Newton Survey 
Science Center (Motch et al. 2003; Watson et al. 2001). A 
thinned Loral/Lesser CCD detector, providing a 2060 x 
2060 pixel image was used. Pixel size is 15 /zm, resulting 
into a plate scale of 0".158/pixel. A 2 x 2 binning was 
applied in both imaging and spectroscopical observations. 
These data are the same as those analyzed by Masetti et 
al. (2006). 

A 300 s image (Fig.^ was obtained through the ESO 
Gunn i #705 filter. Images were corrected for bias and 
flat-field using sky exposures obtained at dawn and with 
standard MIDAS procedures. The seeing value derived 
from this image is FWHM ~ 1". Absolute astrometry was 
performed using the USNO Bl catalogue. According to 
our field astrometry, the coordinates of the object pro- 
posed by Masetti et al. (2006) as the optical counterpart 
of the X-ray source are R.A.(J2000) = 13'' 47" 36^01 and 
Dec.(J2000) = -60° 37' 03". 75 (see Fig.Hland comments 
therein), in excellent agreement with our estimate of the 
position of the XMM-Newton source (R.A.(J2000) 13'' 
47™ 36M and Dec.(J2000) = -60° 37' 03". 3). These co- 
ordinates also match (to a few tenths of arcsec) those of 
the source #45 (IRSF J134736.0-604704) in the deep NIR 
survey carried out by Nagayama et al. (2004). The object 
was identified as a spiral galaxy. Furthermore, Schroder 
et al. (2006; see also Schroder et al. 2005) cross-identified 
their galaxy DZOA4653-11 with 4U 1344-60 and found it 
to be a member of a group or small cluster around the gi- 
ant radio galaxy Centaurus B. They measured a Ks-hand 
magnitude of 10™56, which is 9'."48 after correction for 
Galactic extinction according to the maps by Schlegel et 
al. (1998). 

A 1000 s spectrum was obtained using the ESO grism 
#06, providing a resolution of 12.9 A (FWHM) and a dis- 
persion of 4.12 A per binned pixel. A l".5-wide slit was 
used. All CCD spectroscopic frames were corrected for 
bias and fiat-fielded using standard MIDAS procedures. 
The wavelength calibration was derived from the observa- 
tion of He + Argon arc lamps. One-dimensional spectra 
were extracted with a procedure optimizing the accumu- 
lation region in order to reach the best signal-to- noise and 
using sky background cleaned from cosmic-ray impacts. 
All spectra were corrected for atmospheric extinction and 
calibrated in flux using spectrophotometric standards. 

The one-dimensional, wavelength, and fiux-calibrated 
spectrum of the optical counterpart of the X-ray source 
is shown in Fig. |21 The Hq line complex is very intense. 
The spectrum is afi^ected by a large Galactic extinction 




two candidates to be the optical counterpart of the XMM- 
Newton source. Based on the analysis of our optical spec- 
tra, we determined that the counterpart of 4U 1344—60 is 
the source located to the SW. The signature of the host 
galaxy is clearly seen as a faint nebulosity in the figure. 

and the continuum disappears short-wards ^ 5750 A. 
Nevertheless, a trace of the strong [Oiii] A 5007 A feature 
was still detected. The spectrum was dereddened using 
the extinction curve from Cardelli et al. (1989), setting 
E{B - y) = 2.93 mag according to Schlegel et al. (1998). 
While the [Oiii] A 5007 A line became more evident, the 
resulting spectrum was extremely noisy below 5750 A. 
Therefore we concentrated our analysis on the red portion 
of the spectrum. 

The main spectral feature observed is the Hq + [Nii] A A 
6548,6583 A line complex. It is roughly symmetric, peak- 
ing at the component. To compute the galaxy 
rcdshift, the line complex core was fitted by means of a 
single Gaussian profile. From the computed central wave- 
length, a value ofz = 0.012 ± 0.001 was derived. An at- 
tempt to deblend the four components of the complex 

(jjbroad^ ^narrow ^ [jv^jj] ^ 5543 ^ [js^jj] ;^ 5533 ^) 

performed. To this end, the observer's frame expected cen- 
tral wavelengths of the different lines have been computed 
based on our rcdshift estimate. Then, a simultaneous fit of 
four Gaussian profiles was performed. Even though it was 
not possible to perform a completely stable fit of the four 
components, the procedure allowed us to roughly estimate 
the fiux of the two main components: i(HJJ'"''"°"') = 9.3 ± 
1.5 X 10-13 erg cm^^ g-i and I(H^''°'"^)= 3.3 ± 0.8x lO'^^ 
erg cm-2 g-i. The flux in the [Sii] AA 6716,6731 A dou- 
blet was also estimated as ~ 3.0 x 10-^^ erg cm"^ s"^. 
Therefore we obtained a ratio HJ^'""''°'"/[Sii] ~ 3, consis- 
tent with an AGN spectrum (Veilleux & Osterbrock 1987). 
The width of the broad component of Hq was ~ 4400 km 
FWHM, a typical value for a Seyfert 1.x galaxy. 
Moreover, even though the H^ line was not de- 
tected in our spectrum, we could derive an estimate of 
the Seyfert type that was more accurate than the one 



E. Piconcelli et al.: XMM-Newton observation of 4U 1344-60 



3 



+ [Nil] M 6548. 6583 



[OIII] A 5007 



[SII] KX 6716,6731 



e e 

4000 4500 5000 5500 6000 6500 7000 7500 
Wavelength [K) 



\ + [Nil] AX 654B, 6583 



[SII] U 6716,6731 



ip0 



6500 7000 
Wai-elenelh (S) 



Fig. 2. Optical spectrum of 4U 1344—60 before {le,ft) and after {right) applying the reddening correction. For the 
latter the wavelength range has been restricted to A > 5750 A since the bluer part of the spectrum is affected by large 
noise. The features marked with the © symbol are identified as atmospheric telluric bands. Prominent emission lines 
are marked for z — 0.012. 



provided by Masetti et al. (2006) using the approxi- 
mate relation from Netzer (1990): Seyfert Type ~ 1 + 
[l(jl^'^rrowyj(jibroad^^ 0.4 ^^^^^ ^^^^ relation and the flux 

values given above, we propose to classify 4U 1344—60 as 
a Seyfert 1.5 galaxy. However, it should be taken into ac- 
count that the large flux uncertainties could shift this ten- 
tative classification close to the Seyfert 1.8 class. 



3. XMM-Newton observation and data reduction 

On August 25, 2001 4U 1344-60 was serendipitously ob- 
served by XMM-Newton (Jansen et al. 2001 and references 
therein) for 37 ks (Obs. Id. 0092140101). This source lies 
at ~14 arcmins from the radio-galaxy Centaurus B, which 
was the target of the observation. 

XMM-Newton data were processed with SAS v6.5. 
The EPCHAIN and EMCHAIN tasks were used for pro- 
cessing the raw PN and MOS data files, respectively, 
and for generating the relative linearized event files. X- 
ray events corresponding to patterns 0-12(0-4) for the 
MOS{PN) cameras were selected. We employed the most 
updated calibration files at the time the reduction was 
performed (September 2005). 4U 1344-60 was found to 
be well within the PN ficld-of-vicw (FOV) while it was 
outside the M0S2 FOV and just on the edge of the MOSl 
FOV. Given the current calibration uncertainties at such 
an extreme off-axis location, MOSl data were ignored in 
our analysis. The PA'^ event list was furthermore filtered to 
ignore periods of high background flaring according to the 
method presented in Piconcelli et al. (2004) based on the 
cumulative distribution function of background lightcurve 
count-rates. After this data cleaning, we obtained a net 
exposure time of 25.5 ks. The spectrum was binned to a 
minimum of 35 counts per bin to apply the minimiza- 



tion technique in the spectral fitting, which was performed 
in the 0.3-10 keV band using the XSPEC package (v.11.3). 

The quoted errors on the model parameters correspond 
to a 90% confidence level for one interesting parameter 
(Ax^ — 2.71; Avni 1976). All luminosities are calculated 
assuming a ACDM cosmology with (fiMj^^A) = (0.3,0.7) 
and a Hubble constant of 70 km s^^ Mpc~^ (Bennett et 
al. 2003). 

4. XMM-Newton results 

4.1. Temporal analysis 

X-ray light curves were extracted from the PN dataset in 
the soft (0.2-2 keV) and hard (2-15 kcV) bands. The time 
bin size was set to be 500 s for all light curves. Background 
light curves were extracted from source-free regions in 
the same energy bands and with the same bin sizes. 
In Fig. 13 the background-subtracted, source-|-background 
and background light curves in the soft and hard band are 
plotted. Note that the datapoints belonging to the final in- 
terval of the observation (i.e. data taken at times tobs > 
28 ks after the start of the observation) were excluded as 
they are completely dominated by a large fiaring particle 
background. 

A positive 30-35 per cent variation in count rate (CR) 
in both the soft and the hard bands occurred at fobs ~ 20 
ks. The hardness ratio (CRsoft/CRnard) thereby remained 
steady, within the errors, during the whole portion of the 
observation selected for the spectral analysis. 

4.2. Spectral analysis 

All the models presented in this section include a large 
absorption component due to the line-of-sight Galactic 
column of Nh = 1-08 x 10^^ cm~^ (Dickey & Lockman 
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Fig. 3. Lightcurves for the XMM-Newton observation of 4U 1344-60 in the soft 0.2-2 keV {left) and hard 2-15 keV 
(right) band {Upper, background subtracted hghtcurve; Middle: source+background hghtcurve ; Lower: Ughtcurve for 
the background, with count rates rescaled to the area of the source extraction region). 



1990). If not specified, values of the physical parameters 
are reported in the source frame. As shown in Fig.^ti the 
X-ray spectrum of 4U 1344—60 is complex, and a simple 
fit with a power law (F « 0.7) yielded a very poor fit with 
xl = 4.7. The most prominent features in the residuals 
are the low energy cut off and the positive excess at ~6 
keV. The latter is readily explained in terms of fluorescent 
emission from the iron K-shell as commonly observed in 
most Seyfert galaxies, while the negative residuals below 
2 keV and the extremely flat slope are indicative of heavy 
absorption along our line of sight. Due to the spectral com- 
plexity of 4U 1344—60, we initially excluded the data from 
5 to 7 keV to better determine the underlying continuum. 

An absorbed power law yielded a marginally accept- 
able flt to the data with an associated x^/dof =177/147 
(i.e. xi ~l-2) and a still unusually flat F ~ 1.3, which sug- 
gests the presence of more complex absorption. We then 
applied a partial-covering model to the data, which usually 
provides a good fit in the case of absorbed intermediate- 
type Seyfert galaxies (e.g. Immler et al. 2003; Schurch & 
Warwick 2003; Pounds et al. 2004). This parameteriza- 
tion, consisting of two power laws with only the second 
one passing through the absorber and with the two pho- 
ton indices assumed to be identical, produced a decrease of 
Ax^ — 29 compared with the absorbed power-law model, 
i.e. a statistical improvement at >99.9% confidence level 
according to an _F-test. This fit resulted in a photon in- 
dex of F = 1.46±0.06 and a column density of the partial 
covering absorber of = 2.0±0.3 x 10^^ cm^^. 

Furthermore, we found that the addition of a fully- 
covering intrinsic absorption component gave a further, 
highly significant (at >99.9% c. 1.) improvement to the fit 
statistics, with x^/dof = 138/145. This model (e.g. model 
A in Table 1) yielded a photon index of F = 1.59to io and a 
column density of = O.SSto ll x lO^^ ^^^-2 ^^^^ j^p ^ 



4.61^175 X 10^^ cm^^ for the absorber fully-covering and 
partially-covering (covering-fraction Gf — 43±10%) the 
source, respectively. The two-dimensional contour plot in 
the parameter space N^-N^ is shown in Fig.^ja. The null 
hypothesis probability associated to this fit, P = 0.66, and 
the visual inspection of the data-to-model ratios suggested 
that it provides an appropriate description of the broad- 
band X-ray spectral shape of 4U 1344—60. 

Moreover, we also fitted the X-ray continuum of 
4U 1344—60 using an alternative model consisting of 
an absorbed power law including a reflection component 
(pexrav model in XSPEC), which is expected due to the 
presence of a strong Fe Ka line. However, we yielded a 
significantly (>99.9%) worse fit than model A with a final 
^2^^ = 1.21 for 146 d.o.f. The photon index was flat (F ~ 
1.3) and we measured only an upper limit for the strength 
of the reflection (i? ^ 0.5). 

FigureElshows the residuals obtained by extrapolating 
the model A fit above the energy band between 5 and 
7 keV, which was previously ignored. A large excess is 
evident from ^ 5.5 to ~ 6.5 keV, indicating that the line 
profile is broad and asymmetrical with the peak of the 
emission located around 6.4 keV. Furthermore, this figure 
suggests the presence of two emission line-like features at 
- 4.8 and ~ 5.2 keV. 

We started to fit the complex Fe Ka emission with a 
Gaussian line. This fit (labelled as model B in Table 1) had 
an associated x^/dof =175(179) and yielded an improve- 
ment at > 99.99% confidence level according to an F-test 
once compared with a fit similar to model A but with the 
whole 0.3-12 keV band taken into account. The line was at 
6.18±0.07 keV and turned out to be both strong (equiva- 
lent width EW = 3931 i[Q7 eV) and spectrally resolved with 
a fTpc = 0.27±0.09 keV. If due to Doppler shift, the corre- 
sponding velocity width would be ~ 30000±10000 km s~^. 
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Fig. 4. Left: (a) Data to model ratios for a model comprising Galactic absorption plus power law. Right: (b) Confidence 
contour plot showing the column density of the fully-covering absorber against the column density of the partially- 
covering absorber obtained by applying model A. The contours are at 68%, 90%, and 99% confidence levels for two 
interesting parameters, respectively. 



Table 1. Results of the spectral analysis. 
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Model A: absorbed partial-covering; Models B, C, and D include the same underlying continuum as Model A plus: a broad 
Gaussian line (B); a Schwarzschild diskline (C); a Kerr laor line (D) and two narrow Gaussian lines to account for the Fe Ka 
emission. See text for further details of each model. " Data from 5 to 7 keV were excluded. Value of the line width ape fixed 
to keV. 



a value that is typical of the innermost regions of the ac- 
cretion disk around a supermassive black hole (BH) and 
only three times lower than the extreme (~ 10^ km s~^) 
relativistic Fe Ka line observed in MGC-6-30-15 (Tanaka 
et al. 1995). Interestingly, a similar value of the velocity 
FWHM, i.e. ~ 30000 km s~^, has also been found for most 
of the broad iron lines detected by XMM-Newton so far 
(e.g. Porquet & Reeves 2003; Balestra et al. 2004; Porquet 
2006). 

We therefore fitted the skewed Fe Ka emission line 
in 4U 1344—60 with the broad profile expected from 
a relativistic accretion disk around: (i) a non-rotating 
(Schwarzschild) BH (model diskline in XSPEC; Fabian 
et al. 1989), (m) a spinning (Kerr) BH (model laor in 
XSPEC; Laor 1991). An emissivity law with q fixed to the 
customary value of 2.5 was assumed (Nandra et al. 1997). 
These spectral fits are indicated in Table 1 as models C 



and D. We also applied an alternative model consisting of 
two narrow Gaussian lines (model E). 

Both fits with a relativistic line profile provided 
an excellent description of the Fe line observed in 
4U 1344-60 with an associated x^d = 0-94 (model C) 
and Xrcd — 0-95 (model D) for 178 degrees of freedom. 
The best-fit values of the spectral parameters of the line 
are reported in Table 1. In both cases we found a disk 
inclination ^ 45 degrees and a disk inner radius larger 
than the marginally stable orbit in a Schwarzschild/Kerr 
metric. 

It is worth noting that assuming a different underlying 
continuum model (i.e. pexrav as in Sect. 4) did not modify 
the diskline parameters. In fact, we found similar values 
{E = 6.38±0.06 keV, i?in Utl Rg) to those found with 
model C, with the obvious exception of the EW, which 
decreased to ~ 150 eV. 
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Fig. 5. Left: (a) Close-up of the deviations, in units of sigma, in the 4.5-7 keV band of the observed EPIC PA^data 
from model A, i.e. an absorbed partial covering model fitted to the (0.3-5 keV)-|-(7-10 keV) range (see Table 1) and 
extrapolated to the whole PN energy interval. Right: (b) Confidence contour plot showing the energy against the 
photon flux (in units of ph erg cm~^ s~^) of the line detected at ^ 5.2 keV. The contours are at 68%, 90%, and 99% 
confidence levels for two interesting parameters. 



Finally, we did not find any statistical requirement for 
a narrow Fe Ka line at 6.4 keV when a relativistic line 
model was applied. A narrow Fe line is expected to emerge 
from the absorbing material. When Nh is a few x 10^^ 
cm~^, as observed in 4U 1344—60, the predicted EW of 
this emission line is about 40 eV (Makishima 1986), which 
is consistent with the upper limit of EW < 39 eV we 
inferred from the spectrum. 

The application of model E (e.g. Table 1 for details) 
to the data also produced a statistically good fit. The en- 
ergies(EWs) of the two narrow lines were 6.171q'q4(EW — 
96tfe) and 6.42l°;g^(EW = 155±40 eV) keV. However, 
the final Ax^ = 13 with respect to model C and the pres- 
ence of an excess in the data-to-model residuals redward 
of the 6.1 keV line led us to reject this model on statistical 
grounds. 

Models from B to E yielded a value of the covering 
factor of the partially-covering absorber C/ = 50±15%. 
Once Model C was assumed, we measured a flux F2-1Q — 
3.6 X 10"" erg cm'^ s'^ in the hard (2-10 keV) 
energy band that corresponds, after the correction for 
both Galactic and intrinsic absorption components, to a 
luminosity L2-10 = 1-48 x lO'^^ erg s~^. 



Photon flux for the line detected (98.5% c.l.) at 5.31±0.05 
keV. 

The line at 1.6 keV is puzzling since no obvious strong 
emission line is expected to emerge at these energies. We 
therefore checked the possibility that such a feature could 
be an artifact owing to calibration uncertainties in the 
PN instrumental response function at the extreme off- 
axis position of 4U 1344—60. The energy range between 

1 and 2 keV is rich in emission lines and edges due to 
the detector materials. In particular, the effective area of 
the XMM-Newton mirror shows a pronounced edge near 

2 keV (the Au M edge) , and the PN quantum efficiency 
shows a prominent feature at 1.8 keV caused by the Si K 
edge (Striider et al. 2001). In the background spectrum, 
two strong emission lines are present at ^ 1.5 keV (Al 
Ka line in the detector background) and ~ 1.75 keV (Si 
Ka). It is thus likely that the feature observed at 1.6 keV 
may be due to uncertainties in the response matrix and 
background subtraction at the source's off-axis location 
and, therefore, will be ignored in the following discussion. 
On the other hand, the lines detected around 5 keV are 
not affected by this problem since in this energy band the 
response of the detector is flat, and no strong spectral 
features are reported in the background spectrum. 



Some positive excesses were present in the data-to- 
model ratio residuals: apart the two features around 5 
keV shown in Fig. Et, a third one was found at ~ 1.6 
keV. All previous models therefore also included three 
Gaussian lines to reproduce these spectral features. Each 
line represents an improvement in the resulting fit statis- 
tics significant at >95.5% confidence level. Table 2 lists 
the line's best-fit parameters, while Fig. 03 shows the two- 
dimensional iso-x^ contour plot in the parameter space E- 



5. Discussion 

5.1. Optical classification and X-ray absorption 

According to our analysis in Sect. [21 4U 1344—60 is 
a Seyfert 1.5 at z = 0.012±0.001. However, given the 
large uncertainties in the estimates of the 11^°'^'^ and 
jjnarroiu g^xcs, a Scyfcrt 1.8 classification could also be 
possible. We therefore only partially confirmed the re- 
sults of Masetti et al. (2006), as they report a Seyfert 
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Table 2. Best- fit value of the parameters of the three 
narrow emission lines detected in the spectrum. 



Energy 
keV 


EW 
eV 


P(F-test) 

% 


1.63±0.02 
4.90±0.04 
5.31=0.05 


iq+io 
451^5 


98.5 
95.5 
98.5 



1 optical classification. From the XMM Newton observa- 
tion we found that the overall X-ray spectral shape of 
4U 1344—60 is complex and can be described by a power- 
law continuum modified by two neutral absorption compo- 
nents, one of which covers only 50% of the primary X-ray 
source. The X-ray data seem to support our conclusion 
about the optical classification of 4U 1344—60, as many 
other intermediate type Seyfert galaxies have been found 
to show complex absorption in the X-ray band, e.g. Mkn 6 
(Feldmeier et al. 1999), NGC 4151 (Schurch & Warwick 
2003), Mkn 1152 (Quadrelh et al. 2003) and NGC 3227 
(Gondoin et al. 2003). In contrast, pure Type 1 objects 
have X-ray spectra that arc almost unobscurcd by cold 
absorption material (e.g. Nandra & Pounds 1994; Schartel 
et al. 1997; Reynolds 1997, Piconcelli et al. 2005). 

According to the current Unified models for AGNs. 
Seyfert 1.5 are seen at an intermediate inclination angle, 
and so it is possible that, in the case of 4U 1344—60, our 
linc-of-sight can intercept the outer (Compton-thin) layers 
of the torus and/or clouds in the so-called "torus atmo- 
sphere" (Feldmeier et al. 1999, Lamer et al. 2003). This 
provides a likely explanation for the presence of the com- 
plex obscuration observed in this source. A deeper obser- 
vation could be useful to put useful constraints on ioniza- 
tion state and temporal behavior of the absorbers. 

Given the high column densities (N]^ = 0.69to;3g x 
10^2 cm-2 and = 3.90^111 x 10^^ cm'^), the absorp- 
tion dominates the spectrum up to 3 4 kcV. Above 
these energies the primary X-ray power-law continuum 
starts to emerge with a F = 1.54to'io- Beckmann et al. 
(2005) have recently reported its significant detection up 
to ~ 100 keV using INTEGRAL ISGRI spectroscopic 
data, measuring a slope of 1.65to'o3, which is consistent 
with our result. Such a value of the photon index is slightly 
lower than the average value F ~ 1.9 reported for large 
samples of AGNs. However, our measurement is not sur- 
prising since a flat (F « 1.5-1.6) continuum has been 
also observed occasionally in other Seyfert 1.5 galaxies 
(e.g. Turner et al. 1999; Gondoin et al. 2003; Schurch & 
Warwick 2003). 

5.2. Properties of the Fe Ka emission 

The present XMM-Newton observation has revealed that 
the Fe Ka fluorescence emission in 4U 1344—60 is broad. 



A model with a relativistic (i.e. Kerr or Scharwzschild) 
profile (models C and D, respectively) successfully repro- 
duce the data. 

The discovery of such a spectral feature is very in- 
teresting since it may be interpreted as the result of the 
emission from dense matter in the innermost region of the 
accretion disk where effects such as Doppler and gravi- 
tational broadening operate and give rise to the typical 
asymmetric double- horned/skewed profile (Fabian et al. 
2000; Martocchia, Karas & Matt 2000). This should make 
possible to trace the matter distribution down to the last 
stable orbit. 

Previous works based on ASCA data (e.g. Nandra et 
al. 1997, but see also Lubinski & Zdziarski 2001) report the 
common occurrence of Fe Ka lines with a broad profile in 
the X-ray spectrum of most bright Seyfert galaxies, while 
in the AGNs targeted by XMM-Newton and Chandra the 
iron line has been observed as a ubiquitous narrow feature 
at «6.4 keV (Reeves 2003; Yaqoob & Padmanabhan 2004; 
Bianchi et al. 2004; Jimenez-Bailon et al. 2005). Only a 
small number of objects show an emission line with a 
broadened, asymmetric profile (Fabian & Miniutti 2005 
for a review) often superimposed on the narrow compo- 
nent (Reeves et al. 2001; Balestra et al. 2004). The line 
detected in 4U 1344—60 is one of the clearest examples of 
relativistic lines found so far. It is worth noting that the 
feature shows a broad profile independently from model 
fits applied to the underlying continuum. 

The values of the line parameters derived from the 
spectral analysis of the XMM-Newton observation sug- 
gest that in the case of 4U 1344—60 the fluorescence takes 
place at few gravitational radii from the BH with the in- 
ner radius of the iron emitting region located at i?in ~ 10 
Rg. Such a value of i?in does not allow us to estimate the 
spin value a of the BH. The radius of the marginally stable 
orbit of a non-rotating (i.e. a = 0) BH is 6 Kg, while in 
the case of a Kerr spinning (a > 0) BH it decrease down 
to 1.23 Kgi the line in 4U 1344—60 is therefore not as 
extremely broad and redshifted as those found in MCG- 
6-30-15 (Wflms ct al. 2001) and NGC 3516 (Turner et al. 
2002), which imply a Fe line-emitting disk extending down 
to the last stable orbit of the BH. 

There are three straightforward explanations for the 
non-occurrence of Fe Ka fluorescence in the very immedi- 
ate vicinity of the BH: (i) the disk does not extend below 
^ 10 Rg, (m) the accretion flow very close to the event 
horizon is highly ionized and, therefore, the Fe is com- 
pletely stripped; and/or (iii) there are no X-ray emitting 
active regions at ^ 10 Kg to properly illuminate the disk 
surface. 

However, it is worth noting that the spectral complex- 
ity, along with the limited energy band, prevented us from 
a fully and reliably understanding the underlying contin- 
uum. While the existence of a relativistically broadened 
proflle is robust enough, the precise determination of the 
emitting disk parameters must wait for future, broader 
band observations. 
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5.3. The emission features around 5 keV 

XMM-Newton spectra of a handful of bright Seyfert galax- 
ies have revealed the presence of narrow emission lines 
in the energy band ^57 kcV (e.g. Turner ct al. 2002; 
Guainazzi 2003; Porquet et al. 2004; Turner et al. 2004; 
Delia Ceca et al 2005). We found two examples of these 
features in the XMM-Newton spectrum of 4U 1344—60 at 
4.90±0.04 (at 95.5% c.l.) and 5.31±0.05 keV (at 98.5% 

C.I.). 

Some scenarios have been proposed recently to explain 
such lines in terms of iron emission invoking a complex ge- 
ometry of the Fe Ka-emitting region. If the X-ray corona 
is concentrated in a number of small active regions (the so- 
called flares) that illuminate the underlying disk (Haardt 
et al. 1994; Merloni & Fabian 2001, Czerny et al. 2004), 
Fe fluorescent emission lines can emerge from the local- 
ized "hotspots" occurring on the accretion disk surface. 
Dovciak et al. (2004) present the detailed Fe Ka line pro- 
files as a function of the orbital phase of the hotspot and 
its radial distance from the BH. The centroid of emis- 
sion line is then redshifted due to the joint action of the 
Doppler and gravitational energy shift. The few highly- 
redshifted emission features observed around 5-6 keV so 
far were found to be narrow. This leads to the belief that 
the emitting region is small (i.e. a spot of a few Rgs) and 
that the irradiation lasts only for a portion of the complete 
orbit. 

The detection of these lines (even if the significance 
of the line at ~ 4.9 keV is quite marginal) would imply 
Fe K emission close to the marginally stable orbit con- 
sistent with an i?in ^ 10 Rg derived for the broad line. 
This suggests the presence of different active regions, i.e. 
an extended, long-lived corona uniformly illuminating the 
disk at ^ 10 R^, to give rise to the broad Fe feature, 
plus some flares that generate hotspots in the innermost 
part of the accretion disk, giving rise to the narrow-line 
features around 5 keV. 

Turner et al. (2002; 2004) propose an alternative sce- 
nario for the origin of these lines based on a (mildly-) 
relativistic outflow. In particular, they invoke the pres- 
ence of a blob of Fe emitting material ejected from the 
nucleus to account for the significant shift in the energy 
of the line observed over a few of tens kiloseconds and 
the "transient" behavior of the spectral line. Assuming an 
origin in neutral iron, the Hue detected at 5.2(4.8) keV 
in 4U 1344-60 implies a velocity of ~ 60,000 (^ 90,000) 
km/s of the emitting material. 

6. Summary 

We have studied the optical and X-ray spectra of 
4U 1344—60, and our main results can be summarized 
as follows: 

— 4U 1344—60 is a very bright X-ray source with a 
-F2-10 = 3.6 X 10~^^ erg cm~^ s~-^. On the basis 
of the optical data we measured a redshift of 2 = 
0.012±0.001, which implies a L2-10 ~ 1.5 x 10^^ gj.g 



s~^, and we proposed to classify 4U 1344—60 as an 
intermediate type Seyfert galaxy. In particular, since 
the Kp line was not detected, we suggested a Seyfert 
1.5 classification using the ratio /(HJJ""~''°"')//(H^™"''). 
However, future, better-quality optical observations 
would allow us to obtain a more accurate constraint 
on the Seyfert type. 

— Once corrected for the large Galactic extinction 
(Ng^i ~ 10^2 cm-2), 4U 1344-60 stiU showed a 
heavily absorbed spectrum. The XMM-Newton data 
were best fitted by a power-law continuum with a 
slope of ~ 1.55 modified by two neutral absorption 
components (N^ 10^^ cm~^ and ^ 4 x 10^^ 
cm~2), the latter covering only the 50% of the primary 
X-ray source. X-ray data support the classification of 
4U 1344—60 as an intermediate type Seyfert galaxy. 

— 4U 1344—60 exhibits a broad and skewed Fe Ka 
line. This finding allows the small sample of broad 

Fe K lines observed with XMM-Newton so far to be 
increased. This spectral feature is a signature for the 
presence of an accretion disk that is able to reprocess 
the primary continuum at a few gravitational radii 
(~ 10) from the marginally stable orbit around the 
black hole. The line does not show any extreme 
relativistically-broadened profile, so it can be fitted 
by a Schwarzschild black hole model. No conclusion 
can be drawn about the spin properties of the BH, if 
any. The energy of the line is consistent with nearly 
neutral iron. We found that an additional, narrow 
contribution to the Fe Ka emission (e.g. from a dis- 
tant reflector) is not required by the data. Given the 
brightness of 4U 1344—60, future high signal-to-noise 
observations carried out by XMM-Newton or Suzaku 
could be helpful for determining the line parameters 
on firmer statistical groimds. 

— Otii analysis has revealed the presence of two nar- 
row line-like features at ^ 4.9 and ^ 5.3 keV, signifi- 
cant at the 95.5% and 98.5% confidence levels, respec- 
tively. Recently, similar features were also observed in 
the X-ray spectra of a handful of bright Seyfert galax- 
ies. Their nature remains, however, puzzling. A possi- 
ble explanation has been proposed by Dovciak et al. 
(2004) in terms of highly-redshifted iron line produced 
in a localized hot spot on the surface of the accre- 
tion disk very close to the marginally stable orbit of 
the BH. The simultaneous presence of a broad line in 
the spectrum of 4U 1344—60 reinforces this hypoth- 
esis thanks to the direct evidence of an Fe-emitting, 
relativistic accretion disk in this source. Long uninter- 
rupted XMM-Newton observations could lead to use- 
ful insights into the nature of these emission features: 
in particular, the detection of variability in the shape 
and energy centroid of a line is crucial to accurately 
determining where it originates and how it evolves (e.g. 
Iwasawa, Miniutti & Fabian 2004). 
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